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Abstract 
The relationship between energy consumption and economic growth has long been the focus at home and abroad. The 
general view is: energy consumption promotes economic growth; economic growth affects energy consumption on 
the other hand. In sight of the original theory, this paper adopts the statistical data of Shandong Province from 1980 
to 2008, which include Gross Domestic Products ( GDP ), energy consumption, fixed asset investment and 
employees. Using unit root, co-integration and Granger causality test , we examined the relationship between energy 
consumption and economic growth in Shandong Province. The results show that energy consumption and economic 
growth have long-term trend relation, and there is two-way causality between them. The econometric model is 
estimated using Generalized Least Square ( GLS ) method. The conclusions are as follows: energy consumption and 
economic growth is positively correlated in Shandong province, and economic growth has highly depended on energy 
consumption. 
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1. Introduction 
Since 1980th, with economic growth, energy consumption of Shandong Province increases in a linear 
trend. In 1980, total energy consumption in Shandong Province was 62,169,300 tons of standard coal, 
1995 rose to 98,115,500 tons and reached 322.2523 million tons by 2008, with an increase of 4.2 t imes in 
29 years. Compared  with the first economic province,  Guangdong, the energy intensity of Shandong 
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Province in 2008 (energy consumption per unit GDP was 1.1 tons of standard coal per million, 39.7% 
higher than 0.715 tons of standard coal per million in Guangdong Province, which said that its economic 
growth sustains with high energy consumption. Therefore, it’s of great practical significance to study the 
relationship between the economic growth and energy consumption in  Shandong Province, p roviding 
reference for making future policies of economic development. 
Since the oil crisis  in 1970th, the relationship between energy consumption and economic growth has 
been a hot issue in domestic and foreign academic research. The test results obtained varied because of 
quite different national economic development and policy as well as the d iversity of research methods. 
But without exception, all showed that coordination of energy consumption and economic growth. was of 
importance. Kraft. Arthur and John. Kraft, did the first study in 1980, using Granger causality test based 
on the data of U.S. energy consumption and GNP , found evidence in favor of causality running from 
GNP  to energy consumption[1]. Halicioglu F, using the EKC hypothesis and error correction model, 
draws in  Turkey the carbon emissions and economic  growth  can be exp lained by energy consumption, 
while carbon emissions can explain economic growth[2]. Lee Chien-Chian (2008) built a panel data model 
for 22 OECD countries and 16 Asian countries , found that energy consumption was the cause of 
economic growth in 16 Asian countries , while in  22 OECD countries economic g rowth is the cause of 
energy consumption[3][4]. Research in this area of our nation started late. Zhao Lixia considered that in 
China energy consumption and economic growth was related to each other; energy, not completely 
replaced in economic growth, had become restrict ive factors of production; but she didn’t analyze 
causality between the two[5]. Niu Wenshu and Ding Yongxia analyzed the panel data in e ight Asia-Pacific 
countries, and concluded that in developing countries, Granger Causality exists from energy consumption 
to GDP in a short-term and inversely associated with each other in the long run; in developed countries , 
energy and GDP had a mutual relationship [6]. Other scholars such as Fu Suying (2010) and Yang Mian 
(2010), etc., found by empirical testing, GDP and energy consumption co-integrated[7][8]. However, so far, 
because Shandong Province has not yet faced the true sense of resource bottlenecks , current empirical 
analysis based on it is less and incomplete. On the basis of a relatively perfect co-integration theory and 
Granger inspection system of research in this area, we construct econometric model to analyze the 
relationship between energy consumption and economic growth in Shandong Province, empirically, and 
come to the conclusion: energy consumption and economic growth in Shandong Province is positively 
correlated; economic growth, depends highly on energy consumption. 
2.  Model Built and Empirical Analysis  
2.1. Model Built 
This paper aims to analyze the effect of energy consumption on economic growth. Use Cobb -Douglas 
production function to analyze the relat ionship between the two variables. As the production function 
explained only capital factor and labor factor, in order to analyze the impact of energy consumption on 
economic growth, we amended it into a specific pattern. The amended production function is as follows: 
1cY AK L EC e PD E J  
                                                                                                                    (1) 
Cobb-Douglas production function has some good natures. Where,  , ,  represent the elasticity of 
output of capital, labor and energy consumption respectively. It can not only interpret the relationship 
between variables conveniently but also can easily be transformed into a linear function. Both sides of 
equation  (1)are taken the logarithmic at the same t ime .   
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t t t t tLnY c LnK LnL LnECD P                                                                                            (2) 
In the equation, 1c c LnA  , Y  is GDP , A  is coefficient of technological progress , K is fixed asset 
investments, L  is employee, EC represent energy consumption, tP is the random error term. J , the 
coefficient of LnEC , represents that energy consumption increases by 1% the area total output value will 
increase by J % under the condition that other variables keep the same level. The coefficient of 
LnK and LnL has the same economic interpretation as LnEC . That is, the same factors in their case, the 
fixed asset investment and the number of employee increased by 1%, respectively, area total output value 
grow byD % and E %. 
2.2. Data sources 
In this paper, the data are collected from “Shandong Statistical Yearbook”. Use the acquired data to 
analyze the relat ionship of energy consumption and economic growth. In sight of the authority and 
availability of the data, the paper selected energy consumption ( EC ) and area GDP in Shandong 
Province covered the period 1980~2008, the GDP  on behalf of economic g rowth. EC is physical 
indicator, in units of million tons of coal; GDP  is actual value calculated based on the year 1980, which 
makes the data comparable between the vertical. Investment of fixed assets is also the actual value after 
the elimination of price element. 
3. Model Checking and Empirical Analysis  
Before regress to the econometric model, we need to test their rat ionality. That is to test whether there 
is a causal relationship between economic growth and energy consumption. The model strategy applied in 
this article is integration and the Granger causality test. Since both of the two tests require that the time 
series is stationary series, while most of the time series are non-stationary series. Therefore, we need to 
test the stability of time series data. To begin with, this article runs the unit root test on logarithm of 
EC and GDP , if they are stationary series, then we can directly conduct causality test; if they are non-
stationary series, then the co-integration test is necessary, thus test the causal relationship of energy 
consumption with economic growth. Till now and we can build models fo r estimate according to a causal 
relationship between them. The data that were tested are the logarithm of variables, which is conducive to 
the model estimation and parameter analysis . 
3.1 Unit Root Test and Co-integration Test 
At first, we can roughly determine whether it is stationary by the time map of  ,  and their first -order 
difference sequence (Figure 1). A stationary time series in the graph always exhibit a process fluctuating 
around its mean; while non-stationary series are often shown different means in different periods. 
3.3. Analysis of regression results  
The results show that the random errors of regression equation exist obvious autocorrelation by   on the 
model (2). Therefore,   is used and effectively eliminates the serial correlation. The regression results are 
showed in Table 1. 
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It is obvious that LnGDP  and LnEC  are not stationary series through the first two maps. They are all 
showed an upward trend over time. Their first-order difference sequence ( )D LnGDP  and ( )D LnEC  is 
relatively stable. However, these intuitive icons often appear mislead ing, hence the further judging  is 
necessary. In this paper we adopted Econometrics software 6.0Eviews  to conduct unit root test, choose 
ADF  test. The results are shown in Table 1. 
Table 1: Unit Root Test Results 
Variables ADF  Value 1%Level 5%Level 10%Level Conclusion 
LnEC
 2.0001 -3.6793 -2.9678 -2.623 unstable 
LnGDP
 0.9446 -3.6892 -2.9719 -2.6251 unstable 
( )D LnEC
 -4.6228 -3.6793 -2.9678 -2.623 stable 
( )D LnGDP
 -3.4468 -3.6892 -2.9719 -2.6251 stable 
Note: The above values are carried out in the presence of the intercept 
The tests show that LnGDP and LnEC are non-stationary sequence under all significant levels, while 
their first-order differentials are stationary series. The ADF test values of ( )D LnEC are all less than its 
critical value under any significant level. The ADF test values of ( )D LnGDP are less than critical value 
under 5% level, so they are single whole sequences of the first order. So we can further test whether there 
was a long-term co-integration relationship. 
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In this paper, we applied AEG method to examine the co-integration relat ionship of LnGDP  
and LnEC . The first step, estimate the equation   (3) by the OLS estimation. 
tLnEC LnGDPD P 
                                                                                                               (3) 
Then, determine the stability of residuals. If the residual series is stationary, indicating that there is co-
integration between the two variables, if the residual sequence is unstable, then there is no co -integration 
relationship between them. Regress of equation   (3), and the estimation results are as follows: 
      5.6342 0.4994LnEC LnGDP                                                                                                        (4) 
(20.39) (13.05)   
Unit root test of their residuals, the results are shown in Table 2: 
Table 3: residual unit root test results 
 ADF  Value 1% Level 5% Level 10%Level Result  
Residual series -1.9746 -2.6742 -1.9572 -1.6082 stable 
Note: The test is not included in the intercept and trend carried out under. 
Table 3 shows the ADF test value of residual sequence is less than critical value under 5% significant 
level, so the residual sequence is stationary. Therefore, LnEC and LnGDP have Co-integration relation. 
That is in Shandong Province, energy consumption and economic growth have the relationship of stable 
long-term trends. 
3.3. Granger causality test 
Granger causality test is to study the forerunner-lag relationship between the two variables  such as 
GDP and EC in this paper. If economic growth causes the energy consumption, GDP would change 
before EC in t ime series. On the contrary, EC will change before GDP . Test results as shown in the 
table3. 
Table 3: Granger Causality Test Results 
Null Hypothesis Obs F-Statistic Prob. Test Results 
LnGDP
 is not the Granger cause of LnEC  29 5.573 0.0257 Reject 
LnEC
 is not the Granger cause of LnGDP  29 3.5573 0.0701 Reject 
Note: lag order is 2. 
The table above shows null hypothesis—LnGDP is not the Granger cause of LnEC  and LnEC  is not 
the Granger cause of LnGDP , is refused, which said that LnGDP  is the Granger cause of LnEC  and 
LnEC
 is the Granger cause of LnGDP . Economic growth can be used to estimate energy consumption, 
and the contrary is true. Therefore, economic growth and energy consumption is two-way  Granger 
causality.  
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3.4. The model estimation and results analysis 
A logarithmic model is built in this paper in order to eliminate heteroskedasticity and easy explain 
relationships among variables. At the beginning, the model (2) is estimated by Ord inary Least Squares 
( OLS ) and the regression results show that the value of DW is 0.737, so we conclude the random errors 
has autocorrelation. Therefore, GLS  is needed to use by adding to (1)AR , and effectively eliminate 
autocorrelations. The regression equation is as follows:  
 
0.2349 0.2513 0.5937 0.9676 (1)LnGDP LnEC LnK LnL AR                                          (5) 
                          (3.513)           (5.0488)        (4.9777)      ˄66.1862˅ 
2R  = 0.9987   Adjusted 2R = 0.9985   DW =1.5677 
As can be seen from the regression results, all the parameters are significant at 1% confidence level, 
which indicate that the linear relationship between variables is significant. 2R and adjusted 2R  are 0.9987, 
0.9985 respectively, which means the model fitting effect is good. Meanwhile, DW value of 1.5677 
manifests random errors have not autocorrelations.  
From the coefficients estimated of regression equation, we find out energy consumption are positively 
related. The value of (1)AR is 0.9676 and significant at 1% confidence level, that means there are other 
infection factors to economic growth besides the three factors of the model above. The coefficient of 
LnEC is 0.2349, which says energy consumption has significant effects to economic growth. Namely, 
other things being equal, if energy consumption of Shandong province increases 1%, the GDP will grow 
0.2349%.  
4. Conclusions and policy recommendations  
On the basis of statistical data of Shandong Province from 1980 to 2008 in this paper, we  deal with the 
logarithm of energy consumption and economic growth by the unit root test, co-integration test and 
Granger causality test, use OLS method to estimate the model, and at last come to the following 
conclusions and relevant policy recommendations: 
4.1. Basic conclusions 
In the sample period, time series of logarithm of energy consumption and GDP are non-stationary, but 
the first differences are stable and have (1,1) co-integration, indicating that both have stable relat ionships 
of long-term trend. Granger causality test tells us energy consumption and GDP have a two-way causal 
relationship — the increase in energy consumption drives economic growth which stimulates a further 
increase in energy consumption over the counter. Model estimation results further confirm that energy 
consumption plays a greater role in economic growth. In a short time, the increase in  energy consumption 
drives economic growth, reduction of that inevitably impedes the economic growth. In a word, rap id 
economic growth in Shandong Province with high energy consumption is impossible to maintain a  long 
high speed. 
4.2. Policy Recommendations 
Economic growth in Shandong Province has depended mostly on energy. In order to break through the 
traditional development mode and achieve coordinated development of resources, environment and 
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economy, we should do as the following: First, adjust the industrial structure and promote the upgrading 
of the industrial structure. The secondary industry of Shandong Province in 2009 accounted for 56.3% 
of GDP , and the higher proportion of that will inevitably lead to higher energy consumption. Therefore, 
industrial restructuring should be accelerated and backward production with high energy consumption 
and serious environmental pollut ion be eliminated. In order to maintain high economic growth, repeating 
the previous high input, high energy consumption, high emiss ion and low efficiency is not adopted and 
development patterns of pursuing high-speed economic growth and ignoring efficient should be avoided. 
Second, increase investment in science and technology, to improve energy efficiency. This requires 
government to increase research funding, conserve energy and resources, and recycle technology; then 
accelerate the construction of technical support system about energy and resources conservation. 
Compulsory measures should be taken to stimulate enterprises and individuals to participate in energy 
conservation. For instance, increase the degree of resource tax or a carbon tax, thereby increasing the 
energy-using cost of businesses or individuals, which forces enterprises to do research and development 
to improve resource utilization and reduce energy consumption; foster energy efficiency service system to 
encourage residents to adopt energy-saving equipment, reduce energy used in daily life, and enjoy 
popular support to the concept of energy conservation. 
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